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Widefield fluorescence microscopy is a highly used tool for visually assessing
biological samples and for quantifying cell responses. Despite its widespread
use, few published methods exist for evaluating and benchmarking the analyt-
ical performance of a microscope. Easy-to-use benchmarking methods would
facilitate the use of fluorescence imaging as a quantitative analytical tool in
research applications. We describe and evaluate an automated method to char-
acterize a fluorescence imaging system’s performance by benchmarking the
detection threshold, saturation and linear dynamic range to a reference material.
The benchmarking procedure is demonstrated using two different materials as
the reference material, uranyl-ion-doped glass and Schott 475 GG filter glass.
Both are suitable candidate reference materials that are homogeneously fluores-
cent and highly photostable, and the Schott 475 GG filter glass is currently
commercially available. In addition to benchmarking the analytical perfor-
mance, we also demonstrate that the reference materials provide for accurate
day to day intensity calibration. A script written in MicroManager, an open-
source microscopy control software, has been developed to automate the pro-
cedure and return the benchmarked parameters. The MicroManager script is
now publicly available. Ideally, this work will lead to common operating pro-
cedures that will help to assure that fluorescence microscopy results are mean-
ingful, traceable, and comparable from day to day and between laboratories.
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One of the limitations of a population-based analysis method is that it averages
over a large number of cells. While this helps average out fluctuations in the
measured signal, it potentially can cover up subpopulations that could be func-
tionally important. Using a single-cell approach, one can individually measure
cells and look at the variation within the isogenic cell population.
Respiration can be an indicator of physiological state and therefore is an excel-
lent target for analysis of heterogeneity within the sample. Single-cells are iso-
lated in microwells containing Pt-porphyrin embedded microspheres on a glass
chip. These microwells are diffusionally sealed with a lid actuator which can be
raised at the end of the measurement to reoxygenate the sample. Since the phos-
phorescence lifetime of the Pt-porphyrin depends on the oxygen concentration,
the Pt-porphyrin embedded microspheres can be used as an oxygen sensor.
Monitoring the consumption of oxygen in the sealed microwells over time
allows a respiration rate to be calculated for the individual cells. This method
is compatible with other optical imaging techniques.
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In hormone-dependent cancers, tumor growth is driven by the binding of the hor-
mone to its receptor. Vitamin D3 can have both preventive and therapeutic
effects by regulating cell growth, cell cycle, apoptosis, and differentiation - a
role much greater than earlier views that focused primarily on bone health and
maintenance of calcium homeostasis. Epidemiological studies have found a sig-
nificant association between low serum levels and low dietary intake of Vitamin
D3 and the incidence, degree of malignancy, metastases, and mortality of can-
cers of the breast, prostate, colon, andovaries.WeusedSemiconductorNanopar-
ticles (QuantumDots, (QDs)) in conjunctionwith a binding procedure to develop
a Calcitriol-QD conjugate. Based on this research a Physiologically-Based
Pharmacokinetic (PBPK) model has been developed to determine steady-state
distribution of Calcitriol-QD in mice. The multi-compartmental PBPK model
represents relevant organ/tissues with physiological accuracy. Four processes
characterized the change in the concentration of the protein in every compart-
ment: blood flow in, blood flow out, protein turnover and receptor binding in
the organ. The unique aspects of the model are the determination of elimination
using receptor kinetics and generation using protein turnover. The model also
predicts steady state concentrations of Calcitriol-QD in tissues in mice and
may be used for possible scale-up of dosage regimens in humans. Due to theQDs fluorescent characteristics, our Calcitriol conjugates can be applied suc-
cessfully to image the distribution and uptake of Calcitriol into cells. Our data
show that we successfully generated a Calcitriol-QD conjugate that is biologi-
cally active and stable for at least 48h at RT. Additionally we were able to image
the uptake and the distribution of Calcitriol in real time and determine its inter-
action with the cell membrane and accumulation in the cell nucleus.
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The spatial organization of protein-protein interactions inside of cells is an
important component of cellular signaling. These interactions can be imaged
using fluorescent resonance energy transfer (FRET) microscopy methods.
We have described a generalized mathematical solution and method for
any number of interacting FRET pairs (N-Way FRET). Here, we combine
N-Way FRET with our three-dimensional FRET stoichiometry reconstruction
(3D-FSR) to allow 3D-3Way-FRET image deconvolution. By developing a
multi-camera instrument, we are able to acquire the 6 images needed per
z-plane with sub-second time resolution, allowing observation of live cell dy-
namics. Furthermore, we implemented improved fast Fourier transforms and
parallelized calculations to achieve a 10-fold decrease in the computational
time required to reconstruct 3D-3Way-FRET data. This reduction has made
it feasible to analyze dynamic 2Way and 3Way FRET data with 3D reconstruc-
tions, increase the number of reconstruction iterations, as well as explore stop-
ping criteria for the algorithm.
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All biochemical and biophysical processes that support cellular activity take
place in complex, crowded environments. Up to 30% of the weight of a cell
consists of proteins, DNA and other large biological macromolecules. Conse-
quently, 1-dimensional protein motions along DNA while replication or tran-
scription have to be studied and understood in the context of a DNA molecule
that is not naked, but instead bound by a wide variety of obstacles - roadblocks.
Inspired by previous, pioneering work on DNA curtains, we used the intrinsic
propriety of some macromolecules and polymers to create self-assembled,
organized structures, adapted for visualization using TIRF microscopy of inter-
actions between genome processing enzymes and roadblocks in crowded
environment.
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Fluorescence resonance energy transfer (FRET), especially with fluorescent
proteins of donor and acceptor, has been widely used to measure biomolecular
interactions. To overcome limitations of existing approaches for quantitative
FRET, we here put forward a novel platform of dual-switching FRET
(dsFRET), with a photoswitchable donor as well as a photoswitchable acceptor.
With the photoswitchable capability from the FRET pair we constructed,
neither donor-only nor acceptor-only samples would be required as control
reference for calculation. Experiments of dsFRET and traditional 33-FRET
were conducted and compared in both dimer and two-hybrid forms. Our data
demonstrate that dsFRET has higher accuracy and stability than 33 -FRET,
mainly benefited from in-situ references. Further development of dsFRET
has been pursued, to enhance the performance of this new methodology, and
also to extend its applications, such as in subcellular FRET and in-vivo FRET.
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In bacterial, cell division is initiated at the midcell by the formation of a ring-
like structure called Z-ring. The Z-ring is assembled by the polymerization of a
tubulin homolog, FtsZ, and serves as a scaffold to recruit more than twenty
other division proteins. Like tubulin, FtsZ is a GTPase. Thus, a model has
been proposed wherein nucleotide-dependent changes in the conformation of
